The purpose of this study was to investigate the influence of fetal lateral ganglionic eminence (LGE) on nerve fiber outgrowth formed by fetal ventral mesencephalon (VM). Organotypic tissue cultures of fetal VM and LGE plated as single or cocultures were employed. Survival time was 3-21 days in vitro. Nerve fiber outgrowth and migration of astrocytes were analyzed using immunohistochemistry for tyrosine hydroxylase (TH) and S100. In addition, cultures were labeled with the TUNEL technique and with antibodies directed against neurofilament (NF) in order to study apoptosis and retraction of nerve fibers, respectively. The results revealed two morphologically different types of TH-positive outgrowth growing into the substrate. The initially formed TH-positive outgrowth radiated continuously without changing direction, while a second wave of TH-positive outgrowth became obvious when the initial growth already had reached a distance of approximately 1000 µm. The second wave of TH-positive outgrowth radiated from the tissue, but at a certain distance changed direction and formed a network surrounding the culture. The initially formed TH-positive growth was not associated with the presence of S100-positive astrocytes and avoided to grow into the LGE. At longer time points the first wave of TH-positive nerve fibers appeared dotted, with disrupted NFimmunoreactive fibers and in most cultures these long distance growing fibers had disappeared at 21 days in vitro. The second wave of TH-positive nerve fibers was growing onto a layer of glia and never reached the distance of the first wave. LGE became innervated by TH-positive fibers at the time point for when the second wave of TH-positive growth had been initiated, and the innervation appeared in TH-dense patches that also showed a high density of S100-positive astrocytes. Significantly increased TUNEL activity within LGE portion of cocultures was observed when TH-positive fibers entered the LGE and formed patches. In conclusion, two morphologically different types of TH-positive outgrowth were found and the initially formed fibers neither targeted the LGE nor were they guided by glial cells, but their potential to grow for long distances was high.
INTRODUCTION
developing striatum in situ, nerve fibers form dopaminerich islands or patches (24, 31) , while these dopamine-One of the obstacles with grafting of fetal ventral dense structures are usually not found when a fetal venmesencephalic tissue as a therapy to reduce the symptral mesencephalic graft reinnervates dopamine-depleted toms in Parkinson's disease is the relatively poor graft adult striatum (35) . outgrowth into the host brain, which results in the need To improve graft outgrowth, neurotrophic factors for multiple implantation sites (21, 22) . Consequently, have been widely studied. Indeed, there are many neurothe need for dopaminergic tissue per patient is large and trophic factors from different families such as braintherefore a shortage of tissue to be grafted has become derived neurotrophic factor (BDNF), fibroblast growth obvious. However, studying the embryonic development factor 2 (FGF-2), and glial cell line-derived neurotrophic of the nigrostriatal system might provide information to factor (GDNF), that have the potency to enhance graft improve graft outgrowth because the growth potential outgrowth (11, 13, 20, 27, 28, 36, 41, 44) . However, in addifor fetal dopamine neurons during in situ development tion to enhanced host brain reinnervation, a hyperinnervais much larger than after grafting. For instance, during tion of the ventral mesencephalic graft itself is seen after the initial phase of the dopaminergic innervation of the stimulation with a neurotrophic factor (3,4,41). Thus, en-hanced nerve fiber outgrowth by using neurotrophic culture technique (10) . The coverslips used were 12 × 24 mm (Tamro Medlab), and had previously been cleaned, compounds might also result in undesirable side effects.
The factors that trigger the dopamine neurons to find autoclaved, and coated with poly-D-lysine (PDL; 5 mg/ 100 ml dH 2 O; Sigma-Aldrich). Two drops of chicken their normal target is not yet known but, in addition to neurotrophic factors, cell adhesion molecules and extra-plasma (1.7 mg/ml dH 2 O; Sigma-Aldrich) and two drops of thrombin (500 U/ml dH 2 O; Sigma-Aldrich) were placed cellular matrix molecules are believed to contribute to both survival and guidance of growing dopaminergic separately on the coated coverslips. In the single cultures one piece of either VM or LGE was placed in the neurites (6, 7, 23, 32) . Glial cells produce many of these molecules, which are differently expressed in the fetal plasma. Thrombin and plasma were thereafter mixed and the coverslips were left to dry for 15 min in a petri compared with the mature brain. It has been shown that cultured immature ventral mesencephalon form nerve fi-dish. For the cocultures, one piece of VM and LGE were placed together into the plasma drop. When the plasma bers that are either guided by the presence of astrocytes or may grow without association of astrocytes, and the and thrombin were mixed, the two tissue pieces were placed near each other. Thereafter, the coverslips were nerve fibers formed show morphologically different growth patterns (18, 40) . Interestingly, the glial-guided outgrowth transferred into 15-ml Falcon tubes containing 0.9 ml culture medium. The medium had been prewarmed to terminates their growth at approximately 10 days in vitro, which is within the same time period for when 37°C prior to use. The tubes were inserted into a "roller drum" (0.5 rpm) placed inside an incubator at 37°C intracranially implanted dopaminergic grafts terminate their outgrowth (2,18). Therefore, a greater knowledge and in 5% CO 2 . The tissue was cultured for 3, 5, 7, 10, 14, and 21 days (for n values, see Table 1 ) at 37°C in of the interactions between glial cells and neurons might be important in order to enhance reinnervation of host 5% CO 2 . brain after transplantation of fetal ventral mesencephalic Suspension Cultures tissue to patients suffering from Parkinson's disease. In Membrane inserts were used for cell suspension culthe present study, the two morphologically different pattures and the membranes were 0.9 cm 2 with a pore denterns of dopaminergic nerve fiber growth seen in tissue sity at 0.4 µm in 12-well cell culture plates (Falcon). culture have been studied. Their target specificity for
The membrane inserts were coated with sterile PDL (5 fetal lateral ganglionic eminence was characterized usmg/100 ml in dH 2 O) for 2 min and then air dried overing organotypic slice cultures.
night under sterile conditions. Before use, 1 ml medium was added per well with the membrane inserted and the MATERIALS AND METHODS wells were then prewarmed to 37°C in an incubator.
Dissection Procedure
Rat fetuses were dissected as described above. The Adult pregnant Sprague-Dawley rats (B&K Universolid tissue pieces of VM and LGE were pooled into sal, Sweden) were kept on a 12-h day/night cycle with two separate 15-ml Falcon tubes each containing 1 ml free access to food pellets and water. All experiments DMEM. The tissue was mechanically dissociated by tritwere approved by the local ethics committee. Pregnant uration (10-15 strokes) using a Pasteur pipette followed rats were anesthetized with isoflurane (Abbot Scandinaby a 1-ml pipette, syringe with a 18-G needle, and fivian AB) and killed by neck dislocation. The fetuses nally a 23-G needle. Thereafter, the cell suspensions (embryonic day 14.5, crown-rump length 12-13 mm)
were centrifuged for 5 min at 1000 rpm. The supernatant were taken out and placed in a sterile petri dish. Dissecwas removed and the cell pellet resuspended in 1 ml cell tions were performed under sterile conditions in Dulbecculture medium. The cells were counted in a Bürcher co's modified Eagle medium (DMEM, Gibco). The venchamber; 10 randomly chosen B-squares (area 0.0625 tral mesencephalon (VM) and the most anterior portions mm 2 ) of the grid pattern were counted. Thereafter, of the lateral ganglionic eminence (LGE) from both 50,000 cells were plated as a drop on each membrane. hemispheres were dissected and transferred into DMEM.
In the cocultures, equal amounts of cells from the LGE Tissue pieces from VM were sliced into 350-µm coronal suspension and from the VM suspension were mixed to sections by using a McIlwain tissue chopper and transa total of 50,000 cells per well. The cells were allowed ferred into fresh DMEM. The chopped VM tissue slices to settle for 3 h in an incubator at 37°C and in 5% CO 2 were divided sagittally along the midline using a scalpel.
before a few drops of medium were added to cover the The tissue pieces from LGE were divided into two equal surface of the membrane. The cultures were incubated sized pieces using a scalpel.
for 3 (n = 12), 5 (n = 12), 7 (n = 12), 10 (n = 12), 14 (n = 12), and 21 (n = 12) days in 37°C in 5% CO 2 .
Organotypic Slice Cultures
Culture Medium The tissue slices were cultured either as single cultures of VM or LGE, or as cocultures with tissue from
To prepare the medium the following compounds were mixed and filtered through a sterile 0.22-µm filter both VM and LGE on coverslips using the "roller drum" (Millipore): DMEM (Gibco), Hanks' balanced salt solu-strands in situ by using the TUNEL (TdT-mediated dUTP nick end labeling) technique. The organotypic and tion (HBSS, Gibco), fetal bovine serum (Gibco) to a final serum concentration of 10%, glucose (Gibco), and cell suspension cultures were fixed in the same fixative as that used for cultures processed for immunohisto-HEPES (Gibco). The medium was stored at −20°C and prewarmed to 37°C prior to use. Antibiotics (10,000 chemistry. After fixation and rinsing with PBS, the cells were permeabilized by addition of an ice-cold solution U/ml penicillin, 10 mg/ml streptomycin, 25 µg/ml amphotericin, Gibco) were added to the medium to a final of acetic acid (1:2 in 95% ethanol) for 2 min. The permeabilization was followed by rinses in PBS and immu-concentration of 1%. The medium was changed every third day and antibiotics were supplemented to the cul-nohistochemical labeling with primary antibodies raised against either TH or S100 and secondary Alexa 594 anti-tures initially at plating and at the first medium change.
bodies as described above. Thereafter, the TUNEL reac-Immunohistochemistry tion mixture (In situ cell death detection kit, fluorescein-The organotypic primary tissue cultured on coverconjugated, Roche Diagnostics) was added, 10 µl to slips was fixed for 60 min and the suspension cultures each tissue slice or 30 µl to each membrane. The culwere fixed for 30 min in 2% paraformaldehyde in phostures were incubated with the reaction mixture for 60 phate buffer. After fixation the cultures were rinsed 3 × min in 37°C and then finally rinsed in PBS and mounted 10 min in phosphate-buffered saline (PBS) prior to incuin 90% glycerin in PBS and sealed with Mountex. bation in antibodies raised against tyrosine hydroxylase Image Analysis and Statistics (TH; mouse anti-rat, diluted 1:1500, DiaSorin Inc.), Image analysis was used to measure the distance that S100 (rabbit anti-cow, diluted 1:200, Dako Patts, Denastrocytes had migrated and the length of TH-positive mark), and neurofilament (NF; rabbit anti-primate, dinerve fiber outgrowth in organotypic slice cultures. THluted 1:400, Serotec). All antibodies were diluted in 1% positive outgrowth was characterized by the presence or Triton-X100 in PBS. Incubations with primary antibodabsence of S100-positive astrocytes and both types of ies were performed in a humid atmosphere at 4°C for outgrowth were measured separately. The distances were 24-72 h. Secondary antibodies, Alexa 594 (goat antimeasured from the peripheral borderline of the tissue mouse, diluted 1:1000, Molecular probes) and Alexa slice to the distal end of nerve fibers/astrocytes on a 454 (goat anti-rabbit, diluted 1:1000, Molecular Probes), digital image caught with a Hamamatsu digital video were applied at room temperature for 60 min. Double camera connected to a computer. Images were analyzed labeling was performed in sequence such that one type using Openlab software (Improvision). Analysis was of antibody was applied at a time. Between incubations performed randomly on a blind basis. A minimum of the cultures were rinsed in PBS. Cultures were double five measurements per antibody and type of TH-positive labeled against TH and S100 or TH and NF. Finally, the growth were performed. cultures were rinsed in PBS and mounted in 90% glyc-In the organotypic cultures labeled with TUNEL, the erin in PBS and sealed with Mountex. The suspension number of TUNEL-positive cells was counted in four cultures were processed for immunohistochemistry distandardized fields. The areas chosen had fixed disrectly on the inserts. The membranes were then cut out tances from each other. In the cocultures, four fields and mounted.
within the VM tissue and four fields within the LGE TUNEL Labeling were analyzed for TUNEL-positive profiles. Analysis was performed randomly on a blind basis. During apoptosis DNA is cleaved into oligonucleosomal DNA fragments. The nicked DNA can be labeled Mean values ± SEM were calculated from averages of each culture and type of measurement using one-way by incorporation of labeled nucleotides to the DNA 246 JOHANSSON AND STRÖ MBERG ANOVA followed by Fisher's PLSD. Single cultures of nerve fibers that did show a continuous appearance were colocalized with NF ( Fig. 3d-f ). VM and cocultures of VM and LGE without TH immunoreactivity were discarded before statistical analysis
The second morphological type of TH-positive nerve fibers that radiated from the tissue slice into the plasma/ was performed. The loss of TH-positive neurons did not appear to be associated with the presence or absence of thrombin layer arborized and formed a reticulum circulating network surrounding the tissue slice ( Fig. 1a ).
LGE. In cultures showing only one type of TH-positive outgrowth (i.e., glial-guided growth or nonglial outgrowth)
This second wave of TH-positive outgrowth was observed remote from the initial continuously radiating the mean values were calculated with exclusion of the type of outgrowth that was absent (i.e., no zero values type of TH-positive growth on the same cultures. The radial/circumferential outgrowth was initially found as were included). To demonstrate the zero values of THpositive outgrowth for each type of morphology, the short nerve fibers at 5 days in culture (in 31% and 28% of single VM and cocultures, respectively). The number proportion of cultures for each type of nerve fiber outgrowth (nonglial-associated growth and glial-associated of cultures expressing this second type of TH-positive growth increased over time and at 21 days 95% of single growth) during the different time points was calculated and expressed as percentage of total number of cultures VM and 98% of VM-LGE cocultures exhibited the second wave of TH-positive growth pattern (Fig. 2b ). for each type of tissue.
The radial/circumferential TH-positive nerve growth RESULTS was observed to be overlapping with the presence of Two Morphologically Different Types S100-positive astrocytes (Figs. 3i-l and 4a) and THof TH-Positive Growth positive nerve fibers extended along S100-positive astrocytic processes radiating from the VM tissue piece. Tissue slices of fetal VM and LGE were cultured as single or cocultures on coverslips for 3, 5, 7, 10, 14, and These TH-positive axons arborized and formed a reticulum overlaying large irregularly shaped S100-positive 21 days in vitro and the TH-positive nerve fiber outgrowth was studied in relation to the migration of S100-cells located distal to the long astrocytic processes. Measurements revealed that the radial/circumferential type positive astrocytes. TH-positive neurons were often found located in clusters and/or along the periphery of the tis-of growth never extended over the distance that the S100-positive astrocytes had migrated ( Fig. 3j-l) , and sue slice in VM in both single VM and VM-LGE cocultures. TH-immunoreactive outgrowth from the tissue neither the radial/circumferential TH-positive growth nor S100-positive astrocytes reached the distance that slices into the plasma/thrombin layer was observed in two distinct patterns: either growth radiating without the radial nonglial-guided growth reached ( Figs. 2a, 4a ). changing direction from the tissue slice or outgrowth ra-TH-Positive Innervation of the Lateral diating from the tissue slice that formed a circumferen-Ganglionic Eminence tial network at a certain distance from the tissue slice ( Fig. 1a, b) . The continuously radiating TH-positive
The first wave of TH-positive outgrowth (i.e., the radial nonglial-guided outgrowth) from the VM tissue por-growth was the first TH-positive outgrowth to be observed from VM in both single and cocultures ( Fig. 2a , tion of the cocultures avoided growing into the LGE (Fig. 1c) . In some cases a few radial TH-positive neu-c), and this outgrowth was not associated with the presence of glial cells. This nonglial-guided radiating TH-rites grew above the LGE, but these neurites did not appear to enter the LGE and were merely crossing the positive outgrowth was found in 100% of the VM and VM-LGE cultures already after 3 days (Fig. 2b) . This tissue. The radial nonglial-guided TH-positive nerve growth produced by VM was extensive in the early co-type of radiating TH-positive growth continued to elongate over time, but the number of cultures showing this cultures, and measurements showed that the distance that the nerve fibers reached was similar in single VM type of TH-positive growth declined with increased survival time, and at 21 days in vitro 20% of the single VM and VM-LGE cocultures (Fig. 2c) .
LGE received TH-positive innervation starting at cultures and 7% of the cocultures possessed this type of growth pattern (Fig. 2b) . These radiating nerve fibers 7-10 days in vitro (i.e., during the same time period as when the second wave of radial/circumferential growth frequently appeared as dots without any obvious cell membrane between the dots, and thus exhibited a degen-had been initiated). At 14 days in vitro nerve fibers were observed to form TH-positive-rich patches within the erated appearance beginning at 7 days in vitro. Doublelabeling of NF and TH revealed that in areas showing
LGE and at 21 days in culture almost all LGEs of the cocultures were extensively innervated with a distinctive dotted TH-positive nerve fibers, NF-positive nerve fibers were disrupted (Fig. 3a-c) . It was seldom possible, how-pattern of TH-positive dense patches (Figs. 3m-o and 5). In none of the single LGE cultures did TH-positive ever, to establish colocalization of NF and TH within the same nerve fiber, but more frequently, TH-positive nerve fibers extend from the tissue. Astrocyte Migration gle VM or cocultured VM. At 5 days S100-positive glial cells had migrated remote from the tissue slice in all cultures evaluated. The distance that the S100-positive In VM tissue of single and cocultures, S100-positive astrocytes were sparsely observed at 3 days in vitro, and astrocytes migrated from VM increased over time (Fig.  4b ). Close to the tissue slice, the astrocytes showed an most astrocytes were localized within the tissue pieces. There was a difference, however, in astrocytic migration elongated shape with long processes. At the distal end of the cell processes, large irregularly shaped S100-positive such that at 3 days 46% of single VM cultures showed migration of S100-positive astrocytes, although at short cells were found (Fig. 3i ). Few S100-positive astrocytes were observed within distances, while only 18% of VM tissue cultured together with LGE showed migrating astrocytes. There the LGE tissue piece in both single LGE and cocultures, and the astrocytes were observed to migrate initially at was no difference at any time point evaluated between the distances that the astrocytes had migrated from sin-7-10 days in vitro. The astrocytes migrated for a signifi- cantly shorter distance from LGE compared with that riphery of the tissue slices and no or weak staining was found in center portions of the slices. Due to the thick-measured from VM ( p < 0.001; Fig. 4b) . A large number of S100-positive cells was observed within the LGE ness of the cultured tissue slices it was seldom possible to correlate TUNEL-positive nuclei to specific neurons tissue in the cocultures after 10 days in culture, thus simultaneously with the first noted TH-positive innerva-or glial cells. The result revealed apoptotic activity in VM cultures beginning at 3 days in culture. The number tion of LGE. The S100-positive astrocytes were organized in a pattern corresponding to the presence of TH-of apoptotic profiles was significantly higher in single VM cultures compared with that counted in VM cocul-positive patchy innervation ( Fig. 3m-o) .
tures at 3 days. This cell death had decreased by 5 days in vitro and thereafter a low number of TUNEL-positive
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profiles was observed throughout the survival time.
From 5 days and on, there was no difference in the num-TUNEL staining was performed on cultures processed for either TH or S100 immunohistochemistry on single ber of apoptotic cells in single VM and cocultured VM (Fig. 6a ). and cocultures of tissue slices from VM and LGE, and TUNEL staining was observed as fluorescent nuclear
Within the LGE portion of the cocultures, an initial high level of apoptosis at 3 days in vitro was observed, dots. The staining was predominantly found in the pe- The second wave of TH-positive outgrowth appeared overlaying S100-positive astrocytes (i-l). At the distal end that TH-positive nerve fibers (j), it was clear that there were no fibers without the connection with S100-positive astrocytes (l, merge of j and k). Within LGE (m-o) TH-positive nerve fibers appeared in dense patches (m), overlapping with S100-positive astrocytes (n, o is merge of m and n). Cell suspensions of VM (g) and VM-LGE (h) showed that TH-positive nerve fibers formed nerve bundles (g) rather than a nerve fiber network as that found when being cocultured with LGE (h). Scale bar: (a-c) 100 µm, . Measurements of distances from the periphery of the tissue slices to the distal end of TH-immunoreactive nerve fibers of the second wave in comparison with the distance of S100positive astrocyte migration from VM (a) showed that TH-positive fibers never extended over the area covered by S100-positive astrocytes. S100-immunoreactive profiles surrounding VM migrated for significantly longer distances that those astrocytes surrounding LGE ( p < 0.001).
but the level of TUNEL positivity had decreased by day positive neurons within the single VM cultures had formed nerve fiber bundles, which were connecting the cell 5. However, at 14 days, but not at 10 or 21 days, in culture the number of TUNEL-positive profiles was in-clusters ( Fig. 3g ). However, TH-positive neurons in the cocultures formed a widespread network, and their neu-creased in LGE when being cocultured, but not in single LGEs (Fig. 6b ).
rites were growing in all directions (Fig. 3h) . In all cultures, TH-positive neurons (100%) were associated with the presence of S100-positive glial cells.
Cell Suspension Cultures
In the early cultures, 3-7 days, S100-positive astrocytes grew to form a network, but with increased time Cell suspensions of VM and LGE were studied as single or cocultures for 3, 5, 7, 10, 14, and 21 days. The in culture the astrocytes reached confluence. The glial cells in single VM cultures were of two types: either cells were visualized using antibodies directed against TH and S100. The results revealed that TH-positive neu-elongated with a polygonal shape and long processes or with an irregular shape with no processes. The latter rons were found alone or in small clusters in all single VM and cocultures. At 3-7 days in vitro, no difference type was either very large or small. Approximately one third of the S100-positive cells were of the irregular in morphology of TH-positive nerve fiber formation in single VM and cocultures was found. With time, TH-type. In the single LGE suspension cultures, the vast majority of S100-positive cells were small and of the The two morphological types of TH-positive outgrowth have been previously reported (18, 40) . Interest-irregular type.
ingly, the nonglial-dependent first wave of TH-positive DISCUSSION growth was not found in cultures of cell suspension. This is in contrast to an earlier study, but then a mitotic The results from this study show that cultured fetal VM produces two morphologically different types of inhibitor had been used (40). Thus, inhibiting glial proliferation allowed the presence of the initial nonglial-nerve fiber growth. The first nerve fibers formed were glia independent and were radiating from the VM tissue associated TH-positive growth in suspension cultures. In slice cultures, the presence of astrocytes was sparse dur-without changing their direction of growth. These nerve fibers avoided growing into the LGE and had adopted a ing the initial time after plating and then also the early wave of TH-immunoreactive nerve fibers rapidly ex-degenerated appearance at longer time points. At 5 days in culture, a second wave of TH-positive nerve fiber out-tended their nerve fibers. The potential of TH-positive nerve fibers to grow for growth was observed. These nerve fibers grew onto migrating S100-positive glial cells such that TH-positive longer distances was significantly more pronounced for the initially formed TH-positive nerve fibers than that nerve fibers followed elongated astrocytic processes that radiated from the periphery of the tissue slice and, at a seen for the second wave of TH-positive outgrowth. The first wave of TH-positive growth continued to grow, certain distance from the tissue, TH-postive nerve fibers arborized, forming a network overlaying large irregu-while the second wave reached a plateau at 10 days. Interestingly, this first wave of radiating nerve fibers ap-larly shaped astrocytes. At 7-10 days in vitro, LGE received TH-positive innervation, which at longer time peared degenerating at longer time points. However, it was not possible from this study to conclude that these points formed TH-positive patches. The dense TH-immunoreactive areas of LGE were associated with dense TH-positive neurons producing the initial TH-positive outgrowth were degenerating, because it was not possi-S100-positive patches. TUNEL staining of apoptotic cells revealed increased apoptotic profiles within the ble to find colocalization between NF-positive disrupted nerve fibers with TH-positive dotted fibers or colocali-LGE simultaneously with the time for formation of THpositive patches.
zation with TUNEL positivity. However, a high fre- quency of TH-positive dotted nerves was noted within A9, and A10) (9) are included within the grafted tissue, it has been suggested that it is mainly A9 dopamine neu-the same areas where NF-positive disrupted nerves were found. It became clear though that these initially formed rons (i.e., the substantia nigra) that project into the dorsal striatum. A10 dopamine neurons within the trans-nerve fibers had disappeared in approximately 80-90% of the cultures at 21 days in vitro, and even though it plant are, if possible, projecting to the ventral limbic areas or seem to restrict their nerve fibers within the was not obvious that these neurons had undergone apoptosis, they had retracted their axons.
graft itself (14, 30, 39, 42) . Apparently, the neurons producing the first wave of TH-positive growth in the pres-The first wave of TH-positive fibers was not attracted by the presence of LGE because they never entered the ent study would then normally not target fetal LGE, but probably ventral limbic areas and be of A10 origin. LGE to innervate the tissue. Other culture studies have reported both a target-directed (12, 15, 25, 29, 33) and non-Interestingly, the presence of LGE did not affect the length that the initially radial growth reached. However, target-directed growth in explant cultures of VM and LGE (12, 16, 25, 29) . When grafting fetal VM into the striatum it was not the distance between the two tissue pieces that hindered the TH-positive fibers to enter LGE, be-it has been shown that TH-positive outgrowth occurs in a target-specific manner (14, 17, 37, 39) . Thus, although cause these fibers reached for much longer distances than that found between the two pieces of tissue slices. various subpopulations of dopamine neurons (i.e., A8, Thus, either LGE was actively inhibiting growth from pected, while the increased number of TUNEL-positive cells found in LGE at 14 days in vitro was a novel find-these fibers or the border between VM/LGE was too attractive such that nerve fibers were restrained within ing. Interestingly, this time point coincides with the time point for when TH-positive nerve fibers first appeared this area. However, there was never found a TH-positive hyperinnervation in the VM/LGE borderline, and there-in patches. The two neuritic growth types found in the organo-fore the results suggest that LGE is inhibiting the first wave of TH-positive fiber growth. Moreover, this possi-typic cultures were not observed in the cell suspension cultures. In the cell suspension cultures, all dopaminer-ble inhibition induced by LGE appears to be membrane bound rather than soluble, because the presence of LGE gic neurons were associated with S100-positive astrocytes. However, two different growth patterns were ob-did not affect the length but only the direction of the first wave of TH-positive growth.
served in the cell suspensions: nerve fiber bundles in single VM cultures and a widespread disperse network The second wave of TH-positive outgrowth appeared, as previously found, to be guided by astrocytes (18) . It in cocultures. These differences are probably due to the presence or absence of cells from LGE. Dopaminergic was thus clear that the migration of astrocytes preceded the formation of TH-positive nerve fibers. A few days neurons in single VM cultures have not yet found their target area, the LGE, and therefore form long bundles after initiation of the second wave of outgrowth, THpositive fibers had entered the LGE. Interestingly it was similar to the in vivo situation during the fetal development. On the other hand, in the cocultures, the dopamin-found that TH-positive innervation of the LGEs appeared in a patchy pattern, as that found during normal ergic neurons are next to their target cells and therefore arborize and branch instead. Indeed, cell suspension co-development in situ (24, 31) . The formation of these THdense patches has been shown to be dependent on the cultures of VM and LGE have been shown to increase neuritic branching (19) . Furthermore, LGE has been re-age of the striatal target, such that LGE cultured from P2 and adult dopmine-depleted striatum does not receive ported to increase branching also when grafted together with VM into dopamine-depleted striatum (34) . the dopamine-dense patches but a more widespread, less dense, dopaminergic innervation while fetal LGE be-In conclusion, two distinct different TH-positive growth patterns are formed in organotypic cultures. They are comes innervated in patches (12, 26, 35, 38, 43) . Moreover, the already existing nonpatchy reinnervation of initiated after two different time schedules where the initial growth is reaching distances above 3000 µm, but adult striatum may not switch its growth pattern to become patchy in the presence of fetal LGE (35) . The TH-may not target LGE. To learn how to control this outgrowth would be valuable when grafting therapeutically positive nerve fibers of the second wave that did not target the LGE were instead radiating and arborized to for Parkinson's disease. grow circumferentially surrounding the VM tissue slice ACKNOWLEDGMENTS: This study was supported by the Swedish Research Council grants #00917 and 13233, Laila and had not formed any dense patches. Thus, it cannot and Bertil Ehrengren's, Viola and Ture Ring's, and Magnus be concluded that these fibers were of the same origin TUNEL-positive profiles in single VM cultures was ex-
